Results of counterimmunoelectrophoresis (CIE) were compared with those of isolation of Clostridium difficile and assay for cytotoxicity in HeLa cells. On the basis of 471 stool specimens, CIE exhibited a sensitivity of 38% and a specificity of 88% as compared with the cytotoxin assay. The predictive value of a reactive CIE results is low (17%), whereas the predictive value of a nonreactive CIE result is significant (96%) and therefore warrants its use as a screening test. In addition, stool filtrates may nonspecifically precipitate with the C. difficile antitoxin in the CIE test. Such nonspecific reactions may be identified by simultaneous electrophoresis against nonimmune serum.
tial culture medium for isolating C. difficile from fecal specimens (8) . In addition, demonstration of C. difficile toxin in fecal filtrates by a cell culture assay has been considered an important, although not definitive, diagnostic tool in the laboratory diagnosis of AAD (4, 7) . Because of a lack of cell culture capabilities in many clinical laboratories, several investigators (10, 14, 18) have used a rapid and simple assay, counterimmunoelectrophoresis (CIE), for the detection of toxin in culture and fecal filtrates. A number of reports on the evaluation of the usefulness of CIE performed on clinical specimens have appeared, but the results from various investigations have not been in agreement.
The purpose of this study is to compare CIE with the cytotoxin assay and the bacteriological culture method. We Clostridium sordellii antitoxin (Bureau of Biological Products, Bethesda, Md.) for 60 min at 35°C, followed by cytotoxicity assay. Reading of neutralization was made after 24 h of incubation. To store the results for an extended period, the microtiter plate was fixed and stained with crystal violet by the method of Gentry and Dalrymple (6) .
Culture method. Stools were inoculated heavily onto cycloserine-cefoxitin-fructose agar (Remel, Lenexa, Kans.) and colistin-nalidixic acid agar (BBL Microbiology Systems, Cockeysville, Md.). Plates were incubated anaerobically at 35°C and examined after 48 to 72 h of incubation for characteristic C. difficile colonies (8) . All presumptive C. difficile organisms were confirmed by API 20A (Analytab Products, Plainview, N.Y.) and gas-liquid chromatography (9) .
RESULTS
Twenty-nine specimens (6.2%) were positive by the cytotoxin assay, Of these, 4 had toxin titers of between 102 and 103, 23 had titers of between 103 and 104, and 2 had titers of greater than 105.
The number of precipitin lines detected in reactive specimens with C. difficile antitoxin ranged from one to three. The culture filtrate used as a positive control showed two major lines, with a maximum total of five lines.
When stool filtrates were electrophoresed against nonimmune goat serum, our results revealed a high incidence (17.8%) of nonspecific reaction by CIE among clinical specimens (Table 1). All nonspecific specimens revealed single precipitin lines. In the majority of cases, the same intensity was observed with antitoxin as with nonimmune goat serum. The nonspecific precipitation reactions were also observed when the same stool filtrates were examined by CIE with nonimmune rabbit serum.
During the course of this study, it was noted that the intensity of precipitin lines of many reactive and nonspecific stool filtrates decreased with storage -70°C. Considering the impact of storage on the performance of CIE, we prospectively followed the changes of the precipitin lines with a few stool specimens for a 2-month period. Five stools, all CIE reactive, were chosen for this study. Two specimens, one positive for C. difficile isolation only and the other positive for C. difficile isolation and the cytotoxin assay, revealed an obvious loss of precipitation intensity over a 2-month period (Fig. 1) . The remaining three reactive specimens maintained a similar degree of precipitation intensity throughout the study. Table 2 shows the correlation between CIE and isolation in relation to the cytotoxin assay. CIE was found to have a very low sensitivity (38%) and an 88% specificity, based on the cytotoxin assay. Similar values were obtained when the results of C. difficile isolation were compared with those of the cytotoxin assay. Since cytotoxin was detected in only 18 (4%) of the 408 samples that were found to be nonspecific or nonreactive by CIE, we concluded that the most useful information obtained by CIE with fresh stool specimens is from a negative CIE result, based on a significant (96%) predictive value of a nonreactive CIE compared with its cytotoxin assay. Ryan et al. (14) reported 100% sensitivity of CIE results in 50 specimens as compared with the cytotoxin assay. The difference observed between the sensitivity level of 38% obtained in our study and that obtained in their study may be attributed to a different selection of clinical specimens in our study. There was no information regarding sigmoidoscopy, colonscopy, or barium enema from our patient population. The routine staining used by Ryan et al. of the precipitin lines before examination may also account for the higher sensitivity of CIE results. Their level of specificity for CIE (80%) is close to that in our findings. Furthermore, Levine et al. (10) reported findings similar to ours (sensitivity, 25%; specificity, 76%) based on 37 clinical specimens.
George et al. (7) reported C. difficile recovery and toxin detection from 89 and 83% of stools, respectively, from patients with pseudomembranous colitis. The percentage of positive results was much lower in patients having AAD but lacking evidence of pseudomembranous colitis (C. difficile recovery, 58%; toxin detection, 26%). This finding suggested that neither the culture nor the cytotoxin assay could be considered as a highly specific and sensitive diagnostic test. These authors therefore suggested that the diagnosis of AAD should be based on the clinical setting, either a positive culture or a positive toxin assay and endoscopy or barium enema. On the basis of our findings, we suggest that CIE be used as a screening test in conjunction with culture in a clinical laboratory. A negative CIE result from a fresh specimen is a good indication of the absence of cytotoxic activity.
